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We have previously reported the construction or a fowl -grail c cloning vector for Uicumhxus using the ochre 
suppressor. sup ft, as the selective murker. This vector, pKGl, causes only a slight growth inhibition in the 
hi horn lory strain hut is unstable in the industrial strains tested. As sup ft suppresses both amber and 

ochre stop cottons, which are present in $2% of ail known laetococcal genes, this undesirable finding may result 
from the accumulation of elongated mistranslated polypeptides. Here, we report the development of » ucm 
food-grade cloning vector, pKG200, which is suitable for overevpressing a variety of genes in industrial strains 
of Utaococats tactls. The vector uses an amber suppressor, supIX as selectable marker and consists entirely of 
Uumaxats DNA, with the exception of a small polylinker region. Using suppressible pyrtmidine auxotrophs, 
selection and maintenance are efficient in any pyrtmidine-free medium including milk. Importantly, the 
presence of this vector in a variety of industrial strains has no significant effect on the growth rate or the rate 
of acidification in milk, making this an ideal system lor food-grade modification of industrially relevant /„ lams 
strains. The usefulness of this system is demonstrated by overevpressing the pepN gene in a number of 
industrial backgrounds. 



Lactococcus tact is is an important organism for the dairy 
industry, where it is used for die production of many cheese 
varieties as well as cultured milk products such as buttermilk, 
Lisetocotxits contributes to the. successful manufacture of these 
products through the production of lactic acid and a variety of 
flavor components. While excellent industrial strains do exist, 
there is a constant desire in the dairy industry for strains with 
improved properties. One useful method for strain improve- 
ment is genetic engineering, provided, of course, that the ge- 
netic modifications are food grade (ID). A number of charac- 
teristics, such as flavor and acid production, bacteriophage 
resistance, proteolytic activity, and the autolyttc properties of 
strains, can be improved by overexprcssing the relevant genes 
(3, 4. 5. 1.0). A simple method for ove repressing a gene is to 
transfer it to a multicopy cloning vector. 

We have previously described the construction of a food- 
giade cloning vector for Laaaaxxas (5). This vector, pPGK 
uses an ochre suppressor gene, as the selectable marker. 
It exists m five to tunc copies in the cell and has allowed the 
ovcrexpresskm of several Luuovoccus genes in strains derived 
from the laboratory strain MG1363. The use of pf-Gl in in- 
dustrial strains of LuctoccKats has not been successful, how- 
ever, due to a rex! need acidification rate in strains bearing 
p 1**01 derivatives (unpublished results). Whereas in MG1363 
derivatives pFGl causes a slight growth inhibition, in industrial 
strains a severe growth inhibition is seen and the vector is very 
unstable. Since an ochre suppressor suppresses both amber 
and ochre codons and $2% of LaatKaccus genes terminate in 
either amber or ochre stop codons (2, 5), this growth inhibition 
is probably caused by the accumulation of elongated, mistrans- 
lated jXrtypepiidcs. Based on these observations, we have de- 
veloped a new food-grade cloning vector, pFGlOO. using an 
amber suppressor. supD t as a selectable marker. mpO encodes 



* Corresponding author. Mailing address: Department of Genetics 
and Microbiology, Chr. Hansen A AS. 10-12 Boge All*, DK-2970 
ilurslmlni. Denmark. Phone: (45) 45 7*38 354. Rax; (45) 45 14$ 
E-mail: K)inlb.Soc^vns<en<A>dk.chr-han$e'.n.coiii. 



an altered tRNA S(?r (5) and suppresses only amber codons. 
which are present at the ends of approximately 10% of Lmo~ 
coccus genes (2). 

A powerful selection system has been constructed in parallel 
with the vector. By introducing an amber codon into the pyrF 
gene, we generated pyramid iue auxotrophs to use as host 
strains for pFG200. This marker allows the selection and main- 
tenance of pFG200 in pyrtmidine-l'ree medium. The pyrimi- 
dine content of milk is insufficient for growth of these pyrim- 
idine auxotrophs, so the selection also works in milk. 

In this paper, we demonstrate the potential of this system by 
illustrating that pFG200 is stably maintained in the host cells in 
media including milk, has virtually no impact on growth and 
acidification rates, and, finally, enables a cloned gene such as 
pepN (IS) to be overexpressed. 



MATKRIAI.S AND MfCTIIODS 

I! lie left id Mm ins and media. Strains v>f hais and i^imichit: c.oti arc hYxd 
ihTuhfc J. L Usai,\ Wiisgmwn in Ml 7 (!<•) or ON minima) medium (5). Bryth- 
jumyein was mtxi at I jig/ml when required, £. tali was grown in Ujrta-Hertam 
medium, supplemented ampieillm to ?G MgMil when required. wrKAm) 
mulftms were cultivated in M17 m QN minimal medium, t*>th wiUi 2fi jtg v<f 
uracil per ml and Afi ng t>f thymidine pet mi added. Selection arid maintenance, 
of plasm ids hearing supO in pyrF(Atn) strains wuit in DN minimal medium 
without added pyrimidme.v Growth wits at 3a*Cand was measured by nsoniioring 
the increase, in optical density ut <)UH mn< li.\perifncnts to determine the plasmid 
*!ahili;y am! ijCtdiJieatton rate were carried out in reconstituted sktm milk (KSM) 
and pasteurized whole rniik, respectively. 

Competent cells and iJettinpurutinn. I'icpaniiiun ul'«>aipck*r« L, iactiswtts 
in rich medium ctxiiuiiunp. glycine and cU#tivn«rytMHj were »s denser ihed picvi- 
<Hisiy (8). t-nr M0I3W, CMCCM)52. CMCC270. anil dcnvaii%v^ \<r<> 
giyeinc was used, while. fr»r CHCC3TJ and derivaiivu^ (wt/wl) gKvi«c w-;is 
uiscd, iN'jirntdfne ;m.\t>l:v*ph> vve:e grtwn in mcdinm comaiiiing 20 i«tfof uracil 
per mi and 31 ^ ut Jhyuiidiite per ml u> reduce tlte IremienLy ul iwvrtams. 
Tr«fl)ilurin:iiiiin of l£ a>tt was ikmc evscnjiallv as dcscritwii hv et a! 

(14). 

DNA puriticiitiitn imd manipulation. Small'scalc ptasaikl prcpannioiis rrom 
cot* were by :dk;ditte lysis, ;md larjgerscide prtspurutions wen* with the Qiugen 
system. Plasmid DSA and chi\»nwM»mtil DNA were isolated fmm Utah :fS 
desciitKd previuusly {$) with (he rn<Kltlicatio« thai 50 mI «'»1'5 M NaO wns added 
Lvfoiv the phcmtl cjciraction when plasmitts were purified. DNA scijuencing wis 
hy cycle »eque»cittg ;» teeoimnended by Perkin-lilinci. 'ine rusiiili»|: pitKiucis 
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'I' A U LE I . Boat rift I st ro ins 



Sit-in 



Description 



Source i rt: fere nee) 



hah 

MG 1363 Plasmiddrce derivative of NCDO 712 

FA 4 - 1 - 1 I V r i ni i d in e nuxu t r op h o f M G 1 363 ( C A A , ^ t — TAG ) 

CMCOI2I0 Pyrimidine nuxotmph of MGI363 <TCT (:? — TAG) 

CHCC377 Iwtusmal strain o( L hats subsp. hen's- (mapr component of ; 

O ICC4146 Pvrtnndinc autotroph of CHCX377 (TCT P7 — TAG} 

CHCC4223 CHCC4 1 46(pFG200) 

CHCO052 industrial si rain of /„ /or//>' subsp, &hw> 

O ICC4205 Pyrinmimc autotroph of CHCC4205 (TCJ\ 27 -> TAG) 

CHCC270 Industrial strain of L. tuctis subsp. /acvw 

0 1CC4424 Pyrimidinc auxotroph of CHCC4205 (TCT U , -* TAG) 



highly successful comrncccifll culture) 



Gasson (o) 
This study 
This study 
CHCC 
This study 
This siudv 
CUCC 
This siudv 
GiiCC 
'litis sunlv 



E. citii DH5« ih'oR m<UI gyrA96 UmIRH tr K m K * ) relAI rccAl MtpEM thi-J A(foc2V/l^r)UI69/4»80d/rt^{/rtcZ}MI5 Manahiui (7) 
'* CHCC, Chr. Hansen Culture Collection. 



were purified on iiio-Uad MicRM.*io-Spin47hium»tog_r»phy columns, in* fori: be- 
ing run on an AIM PRISM 310 Genetic Analyser. 'i"hc prime is used ibf sequenc- 
ing and I'CKs are listed in Table 2, 

Sequencing of the gene. The nucleotide setjuemx of the Ci UX311 pyrF 
gene was obtained by fhsi pnxiucing a 55U-hp intcrnsd pyrf fragment via PCK 
using two uegensiune: primers (pyrF3 iutd pyrF4), which were designed based t>« 
amino acid set; ite nee comparison of the pyy f prou-ins of a number of mieroor- 
g;mf>ms, 'Hse fragment w;^ sequenced with the same primers, New primer* 
(pyri'5 and pyrFf.!) were obtained based on this sequence ami used for inverse 
PCK with Sau'}\ t -digested ON A, giving additional sequence data, ll^&eque.nec 
of the amino-tenninal end of /^r^ w;is completed using a degenerate primer 
designed from the sequence of pyrO (}>yi Odgen). which is immediately upstream 
offflF, and iw addiiiomd primers (pyri*7 and pyrFS). The cad>osylcmimal end 
of /.rf whs sequenced usi«ft a degenerate primer {Ihtgkllti} (icsigned from the 
sequence o! girflh which is iuimcdnttely downs) rear n \>i pvrF> ;utd p> r l-o. 

I^UMidd tutwtrnciirttis, 'Hie etsiistruciion of pf*G2^Mi is described in detail in 
KesitUs. The jh'pN ge«e of rVirvfr stnttn wns stihcloncd Uom pSTOl* (15) 
;ss ;i .*.5-ki^ fiamHUSwl irrtgmeni. inc biding the pmmutcr regtoii, into the 
tt>nesfx>»Hling sites in the pl-'CJ200 poly I inker to generate phO202. The- promo* - 
crless UicLM genes were sul&toucd *ri»m pAK8f» as ;t //f*idH!-.Vi//i fragment 
«ithcr inm !1m%\\)\-$ai I 'digested p» ; G?f)»), gericnning jjI'GHHJ, or into 
/ thx Oil I %YJw I -t tigcM ctJ pt'G *(K), ge nc ruling pi T* 208. *l Tiese t wo pi ; is midb rcprc- 
scnt tlte i*o juissihk- oricntHtivins MhiclM in pt-Ci2IM». 

Phi sin id copy number Ut-ti-tiuinatiitii. Torai genomic DNAs isolated irom 
ties.li saturated cui'ufes <n m\6 CHCC<J2l0/pPO2f>i) grown in l>N 

medium were digested widi j?//«d!H. After Separation by fibrose gei eJeci.fi.i- 
pfHifcsis, the t.)NA w?,s x rankle red to »Gcne.Scfecrt Plus nyion filter (i^K du Pont 
de Nemours). A ^-bo t'v'K fragtiiem. eoiHaisiing .iwf 1 /). gene rated using Use, 
prjint;^ ^ <Mnbcr-o with pAK^3 ON A iis I tie tcmpiaU;, vv"iS used as ;i 

hybridiziu'ion prists. The ',M:<bv was iabcicd widt (<t-' ii! PjdATP, using ihc Mzm- 



prime laix-Mng kit (Atnershamh U\t 3 h at SVC. ilyhriduation was cart ted o«t at 
<ifC in 6x t)eijhartit> solution find the fiber was washed three times, as do- 
scritKjU hy Sambrook et al. 0 4). lite level ot in each hand was qoamdiod with 
an Inst smt Imager (Packard htsit ument Co.). Thy copy nvt mN;r of the vector wits 
calculated as the lado of counts per minute In the vector band to eonms per 
mi ;t me in the chromosomal hand (average of three detenmnatioifS). 

Ktizyme assays, Cuftuies were giv*u-n to situratk^t in DN medhtra After mukn- 
tiosi. the cell extr;*ets vvei-^ used to determine; eiii'tcr PepN activity (using t-iysisie^v- 
nitroantltdc 1 15 J) or |J-galaeiosidjf^, asHviiy (using o-ftisrtjph^nyHJ-ivg^tiiiCt^tdc 

One unit of lysine amimjjpepiidasc will hydroly&t 1 nmttl of substrate mm ' 
ii-GatacK^itiase acidity, in Miller wnis, «ai usleuhned as tkscriK'd ptcvioitsi> f (y). 
Pmtein determinations were done with a Protein Assay Kii 1 (Btod^atl). 

Acidification rate. Evaluation of acidification rates was by measuring the pH 
following imx'uhjtton of cull tires as single, strains into pasteurized wh<ile milk. 
ITie *en!pei;tluu' was eontrulled f>y tin automatic ieiuperaUne controller, gener* 
ating a motlincd checkbr cheese tempera Line pr. jfilc "H»e nnlk had !v;en stored 
overnight ai 4 to TC in lxitt!t% with louse lids, in oider to casufe equal oxygen 
levels in itll !*otlle*. The pi I was measured >cmictmiiriomts!y tbrou^hDut 16 b o) 
inathutioti with an A AC datn-K>gger irom hnab All, Acidilteaitou emves were 
generated by the liasyview soinv^rc package, version 3.1(1.4. 

Nucleotide se»|ut*me aecessum numtK:r/llte ON A .sequence of the/w/ ; gettc 
apjiears in tbe liMUL and OcnHank riucleoiide sequence data lti;raiy under 
aece.ssi on number AKt 7+1 25 . 



iuisvus 

Sequencing; ;nui cloning of pyrf genes from industrial 
strains. The most precise way to obtain, a pyrF( Arn) tnutiud h 
to construct the mutation in vitro via PC. k (see below) and (hen 



TABLE 2. Primers 

Primer .Sequence 

I -or 

1-Hm3 S'-AACAGCCrAOCCCCUjACrrOAIXKi-S- 

l*»m4 . — „ 5 '-C'l'CCG GCCfAO GCTGTT Tf "TTOTO CO - 3 ' 

P>*rl ? l,. , 5 ' -0 C A G ATCPA AG Ci" fG AT TC A AG A ACT A AAA G A A 0 G C- 3 ' 

!>yi'* ; 2 , 5 ' - ATA G ATCTACTCG ATG CCA AG A ATGO A CCGC-3' 

Tor CMCC377 

l»yrF3 : k , 5 ' -AAA GG CO "GTN ATN Ci CN CI *N G A V r 1" YCC *3 f 

f>vri ? 4 k , , 5 '-TCiG ACQ AATPCCNG GiVGT-3' 

Pyri T 5 5 ' *C AT AGTA A ACG AOTG GG G - 3 ' 

pyrPft, „ „ , l>( > S ' -T A C 0 C A C A A A A A ACCG CT-3 ' 

...» .....5'-GGTCGCCnTACITGCAC03' 

PvrRi , 5'"GATIWIV\1^Xrrr<:rrCGGCCG-3' 

pyrD-degn , t , > , .5 ' *Ci CTC PA G A G CM W AT YG W WAT 00 0 N -3 ' 

Hag'* 11 * 2 - 3 ' -G GTNG A KTG G A A Y G A K A A R ATI i A A Y -3 r 

^ im -' ■ > 5 * < CCTC A A t rGTA GG A 0 A A A A TP A TO C ■ 3 ' 

I,am6 >«. 3 ' -TC;n"CCPACJ gttg a g GTPA Al TGTG -3 ' 

l»yrD/l*j»in t 5'-ATAGATCPGCITAGAAAAClTG-3' 

i>y^ 7 n/»gin , . . 5 f • at a c» atcpg c a tg t a ag ca a a a a cc* 3 
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pyrF 



pAK142 



BgiW 

pyrO/BglW 



S'-ACA CAA TTA ACC TCA ACT TCT GAG AAA ATT ATG CAA-3' 
TQLTSTSCKIMQ 



5'-CC TCA ACC TAG GAG AAA ATT ATG C - 3' Fam5 
Fam8 3*-T GTT AAT TGG AGT TGG ATC CTC T- 5' ~> Bg} | | 



PyrFIVBglU 

PGR 

Digestion with BgiW and AvrW 
Cloning into Bg/li digested piC19H 



BglW 



BgiW 



rt amber 



pAK148 



S'-ACA CAA TTA ACC TCA ACC TAG GAG AAA ATT ATG CAA-3' 
T Q L T S T ' 

AvrW 

FIG, \ t Cmmniakm of 'a pyrf(Am) imitation. The given example iltusirawjs (he construction mailt! tor (he CI I CO 7 7 ^W^eiic. Piajtmid pAKH2. carrying (he 
t*niiji;/nv/ ; gene, i* used »s template DNA in a PCR. The t\wi overlapping, primers, Fam5 and Kamfi, containing the substitutions to generate sin amber c*nk>n within 
;m /Jvrl site, were combined wttii ;i primer upstream ol pytp (f>rO/rlgill) and a primer downstream o\ pyrF fTyrHl/Bglli), 'I*hc two resulting PCK prtidticis were 
digested with and mixed, and cl»ned. The result ing pfcismid. pAKMS, carries the- desired anther ■nutaitort iti/fvrF. 



to introduce the mm a lion into the chromosome by homologous 
recombination (10). Attempt to use M G'l 363 i?yrF{ A m) DNA 
10 introduce a /;yr/ ; (Am) mutation into some industrial 
strains were unsuccessful, presumably due to insuHkient ho- 
mology between the \iyrF genes of MCI 363 and the indus- 
trial strains used. We determined the DNA sequence of the 
CI KX37? pyrF gene and iouml H to be 86% identical to that 
of MG 1 363 ( I). Sequencing of pyrF genes from other industrial 
si rains revealed that L incite suhsp. hais drains had sequences 
nearly identical to that of CHCC37? and thai L toctis suhsp, 
cremarh strains had .sequences nearly identical to that of 
MG 1363. 

introduction of an amber mutation into a <i\umi\ pyrF gene. 
The procedure for introduction of the mutation into ihc pyrF 
gene is the same for each host strain. The DNA sequence is 
sea retted for a serine codon that can be changed to an amber 
eodon and which is flanked by sequences that" allow the inm> 
duct ion of a restriction site without a Heeling the amino acids 
encoded by the Hanking sequences. PCR is then used to intro- 
duce the desired alterations. 

for CMCC377, the entire pyrF gene was cloned as a l.bkb 
PCU fragment in plCI9H (12) to produce pAKI42 (Fig, I). 
Two overlapping PCk primers, Fam5 and Fa nib, contain the. 
substitutions thai generate an amber codon and an/hrll re- 
striction site (Fig. i). When Fnm5 is used in combination with 
a primer upstream of pyrF (PyrD/Bglli) anil Famb is used with 
a downstream primer (PyrF I l/Bglll), with pAK.142 as tenv 
plate DNA. two PGR products "arc generated. These were 



digested with AvrW and %/N, mixed, and cloned into 
digested plCI9H. The resulting clone, pAKJ48 ¥ contains Hie 
pyrF gene with the desired amber imitation. Suppression of the 
amber mutation by sapO will introduce a serine residue result- 
ing in an enzyme identical to that of the parent strain, 

A similar approach was used to construct amber mutations 
in thc/nr/ ; * genes of ot her strains. The host strain, FA 4- 1 - 1 . was 
derived from MG1363 but constructed slightly differently to 
serve as a host for both pFGi and pFG200 (see below). Using 
the approach described above and in Fig, 1 with other primers 
(Table 2), an amber stop codon was introduced at g!u famine 
codon 154 in the pyrF gene. Suppression by supD will insert 
serine, while suppression by supH t contained on pFGb causes 
insertion of glutaminc in the synthesized pyrF enzyme. 

Introduction of the amber mutation into the chromosome. 
The DNA fragments carrying the p\rF amber mutations of 
MGI363, CHCC377, and CMCC270 were subcloned into 
pG*Tlost9 (II) to produce the piasmi&s pAKi33> pAK149, 
and pKL202, respectively. The resulting pG "Host-derived vec- 
tors were then used to integrate the amber mutations into the 
corresponding chromosomal pyrF genes. Strains with the de- 
sired fnrFi Am) allele arc found by screening survivors isolated 
on Ml 7 plates at 3lFC for their pyrimidine requirement ( 10), 
The pyrF(Am) derivatives of MG 1 363 were na med CHCC42 10 
(serine to amber) and FA4-M (ghnaminc to amber). The 
;r>rF(Am) derivatives of CHCC377. CHCC3052, and CHCC270 
were named CHCC4 I46. CHCr 42.05, and CHCC4424, respec- 
tively. 
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Construction uf the food-grade vector pFG200, The con- 
si ruction of pFG20O was based an ihc strategy previously de- 
scribed for pFGl (5). PI asm id pKR4t contains (he L. bet is 
subsp. /rtc/i,v hiovar d facet viae its citrate plasm id rep] icon cloned 
in pJC39H (13). PGR was performed on pAK$y.l using prim- 
er* amber-2 and amher-3 to produce a fragment with EcoRl 
ends that contains the supO gene (5). After digestion with 
EcoRl. the 347-hp PGR product was cloned into the EcoRl site 
of piC19l! to generate pAK93. Plasmids pKR4i and pAK93 
were both digested with /feoRI. mixed, and ligatcd. The result- 
ing ligation mixture was elcciropo rated into FA4-M. selecting 
Pyr~ transform an ts. Among the plasmids obtained, approxi- 
mately half contained the citrate plasmid rep I icon, supD, and 
plCiyH. One of these, pMPJI03, was used to construct 
pFG200, To re move all of plG19H except die polylinker, 
pMP.1103 was digested with /7/miJII, h'giHed. and transformed 
into FA4-1-1. The resulting Pyr' + transformams contained a 
2.15-kb plasm id, which was named pFG200 (Fie 2). 

idecUoporation of pFG200 into FA4-I-I and~CHCC42iO is 
very c ilk ten t and typically results in >IO f ' transform an is per u,» 
of DNA. The copy number of pFC200 was found to be. 6 to i L 
The efficiency of transformation of CHCG4I46 and derivatives 
of other industrial strains is significantly lower due to the 
ditlkuhy of making good competent cells' 

Phis mid stability in milk. A fresh overnight culture of 
CHCC4223 (CHCC4l46/pFG2(K1) in minima) medium was 
subcullured 1:100 in KSM and incubated overnight. The re- 
sulting culture was plated on MI7 plates and also sub-cultured 
1:100 in RSM. This procedure was repented for five consecu- 



tive days. Bach outgrowth was taken to be seven generations. 
After each outgrowth, 100 single colonies were picked and 
patched onto minimal plates and minima! plates containing 
uracil to screen for plasm id -harboring cells. Plasm id prepara- 
tions were used to ensure that the isolated colonics contained 
pFG20O and had the expected plasm id profiles. No plasmid 
loss was observed after 35 generations in milk. 

Growth and acidification rates of strains harboring 
pFG200. In DN minimal medium. MG1363 and CI1CC42I0/ 
pFG200 grew with identical growth rates (t xn - 63 min), 
whereas FA4-l.-l./pFG2Q0 grew with a lower growth rate ™ 
77 min). The lower growth rate of FA4--'l-i/pFG2(K) is most 
likely due to a less active PyrF enzyme in ihat strain resulting 
from the amino acid substitution at position 154. 

The acidification of milk by CTIGC377 and .CHCC4223 
showed the high rate of acidification characteristic for 
CH CC377 (Fig. 3). This is a significant improvement over ihc 
pFG1 system, where the acidification rates for various 
CHCC377 derivatives were considerably reduced (unpublished 
results). 

Measurement uf transcriptional rcudthrough. To determine 
if (here is any transcriptional readlhrough into the polylinker 
region, promoier!esste/>/ (9) was cloned in Imth orieniations 
into the. polylinker of pFG200 and the fl-galaetuiidase activity- 
was measured. A very low expression of (i-galactosidase, cor- 
responding to 5 to 10 Miller units, was detected, with no 
significant difference between the orientations, revealing tittle 
or no transcription into the polylinker. 




Assay of lysine ammopeptirtase activity expressed from 
pl^a 202. The pepN gene, from L. kwih si rain Wg2 was cloned 
into pFG2(H) to generate pFG202. After elcciropo ration into 
CHCC42I0, CHCOJl4ft, (;|{CC4205 r and CI (he lev- 

els of lysine aminopepiuJase- activities were determined ('fable 
3). Significant i tic reuses in pvpN activities were seen in »H 
backgrounds. 



DISCUSSION 

Exist i rig ibotburade cloning vectors for LacHK.ot:cus have 
been optimized tor laboratory strains. Reports of their ii.se in 
industrial strains are absent, possibly because of a lack of 
success. For example. pFCil (5) has been successfully used to 
ovcrexpress a number of genes in MG 1363, but mtroviuci km of 
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TABU: 3. Oct expression of pc,pN by cloning into pFG20U 



Strain 



Lysine arainMjHrpiW:^ aciivity 
(U/mg of protem) 



CHCC4210 




i 


CHCC42IO/pPG202 


2,327 


CHCC4M6 




20 


CHCXM U6/p FO202 


1 ,$22 


CMCC42D5 


104 


23 


CMCC4205/pFG202 


2.302 


CI ICC4424 


joo 




Cf!CC4424/pFC202 


2304 


23 



i his vector into industrial si rains resulted in acidification rates 
unsuitable for industrial-scale cheese production (unpublished 
results). 

An improved food -grade cloning system for industrial strains 
of L htais has been developed. it is based on a multicopy 
vector. pl T G200 (Tig, 2), constructed without the use of DMA 
from species other th?*n Lactococcus . It contains (he rcplicon 
fragment of pCTII38 (13), the amber suppressor .vwpO from 
Lactococcux strain NJ 1 (5) as the selectable murker, and a 
versatile poiylinker. To select for the plnsrrurj, we use the 
suppression of pyrimidine autotrophs constructed by introduc* 
lion of an amber codon in the chromosomal pyrF gem (Fig. 1). 
This system allows selection and maintenance of the vector in 
milk, which is essentia My pyrimidine free. All the advantages of 
our previously described food -grade cloning vector, pFGl, are 
also offered by pFG200. These include (i) easy cloning of genes 
into a versatile poiylinker region: (ji) a small and stable mul- 
ticopy vector which is elect ropora led into Laaovwcus with 
high eflicicney; and (iii) a selection system allowing selection 
and maintenance in milk, which a I lows genetic modi! tea lion, 
cloning, and overcxpression of Laciococcus ON A in a food- 
grade maimer. 

The orientation of a gene inserted in the poiylinker of pFG I 
affects expression due to a putative promoter downstream of 
sifpli (unpublished results), Cloning <\ilacLM into pFG200 in 
both orientations and measurement of (3-galaciosidase activity 
showed a very low expression, indicating the absence of signif- 
icant readthrough from either side of the poiylinker. 

Full tolerance to multiple copies of sttpD is indicated by 
several observations. The plasm id is stably maintained in the 
host cells for more than 35 generations in media including 
milk. The growth rates of cells with and without pFG200 in 
both defined media and milk show no differences, likewise, 
the presence of pFG200 in important industrial starters has no 
impact on the acidification rate in milk, an important criterion 
for the usefulness of these si rains in cheese ma king (Fig. 3), 

The functionality of the p PC 200 system was also tested and 
demonstrated by cloning the pepN gene from strain Wg2 (15) 
into pPG200 to'generate pFG202. the levels of lysine amino- 
peptidase in the various host strains either with or without 
pFG202 were determined (Table 3). The endogenous level of 
lysine amiuopeptidase was found io vary from $9 to 339 U/rng 
of protein. Introduction of pFG 200 did* not aiter these endog- 
enous levels (data not shown). Thus, the level of lysine ami- 
no peptidase encoded by the chromosomal /^pVgene is strain 
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dependent (Sorcn Herskind. personal communication). In all 
strains, we found a significant increase in lysine ammopepti- 
dase activity when pFG202 is present, which we presume to 
result from the increased copy number of pepN. 

Promising results have been obtained in cheese trials and 
taste tests using MG1363-dcrived strains containing pFG.I de- 
rivatives harboring various amtnopeptidnsc genes or the 
t|)vML3 lysm gene (unpublished dam). We have also cloned the 
pepA.pcpC, pepO, pcp'/\ j>epK and pepX genes, as well as the 
4>vML3 lysm gene, into pFG200 (unpublished results: PerSuo- 
man f personal communication) and will assess the effect of 
overcxpression of these genes in industrial strains, 

'Fhe improved food -grade cloning sysLem described here 
thus allows the overcxpression of technologically relevant 
genes in industrially important si rains, providing great promise 
for future food-grade genetic modifications of L, tactis. 
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